The effects of Cu (I)-and Cu (11)-amino acid complexes on the autoxidation of linoleic acid (LA) were examined in an aqueous ethanol solution at pH 7.0 and the following results were obtained. 1) Cu (I)-amino acid complexes were rapidly oxidized by linoleic acid hydroperoxide (LAHPO) or oxygen. 2) Cu (I)-amino acid complexes were autoxidized and LA was not in the reaction mixture containing the complexes and LA.
acid complexes were proportional to the cataly tic activities on the decomposition of LAHPO, and that these effects might be ascribed to the electrostatic attraction between the com plexes and LA or LAHPO.8) This study deals with the effects of Cu (I)-and Cu (II)-amino acid complexes on the autoxidation of LA on the basis of the difference in reduction poten tials between the complexes and LAHPO.
MATERIALS AND METHODS
LA, L-amino acids, cumene hydroperoxide, CuCl2-2H2O, Na2S2O4, and redox indicator dye were purchased from Nakarai Chemicals, Ltd. LAHPO was prepared according to the procedure of Gamage et al. ') Measurement of LAHPO concentration.
The decomposition of LAHPO was determined colorimetri cally by the method of Mitsuda et al.") The for mation of LAHPO was determined by both the above method") and the UV spectrometry.11) Preparation of Cu (I)-amino acid complexes. Cu (I)-amino acid complexes were prepared by reduction of Cu (II)-amino acid complexes with equimolecular amounts of Na,S,O,.12> Cu (I)-amino acid complexes Abbreviations: LA, linoleic acid; LAHPO, linoleic acid hydroperoxide; DTBP , 2,6-di-tert-butylphenol; AIBN, 2-azo-bis-isobutyronitrile.
were colorless, while Cu (II)-amino acid complexes were blue and showed absorption maxima at 640 nm.
The rate of the formation of Cu (II)-amino acid complexes.
The rate of the formation of Cu (II)-amino acid complexes in the reaction mixture was determined by changes in the absorbance at 640 nm with a Shimadzu Spectrophotometer UV-200S. The rate of the formation of the complexes under the anaerobic conditions was determined using a Thunberg absorption cell.
Polarographic analysis for LAHPO.
A Shimadzu Polarograph Model RP-50 was used to get currentvoltage curves. The reaction mixture for polaro graphic analysis contained 100 mm phosphate buffer (pH 7.0), 50 % ethanol, 2.9 mm LAHPO, 200 mm KCl (supporting electrolyte) and 0.003 % gelatine (maximum suppressor) in 6 ml. Oxygen was removed from the reaction mixture with a stream of oxygen-free nitrogen.
RESULTS

Reduction potentials of LAHPO and Cu (II)-amino acid complexes
The polarograms of LAHPO and cumene hydroperoxide were obtained in a 50 % aqueous ethanol at pH 7.0 and 20°C. Cumene hydroperoxide showed a reduction wave having a half-wave potential at about -0.15 volt vs. S.C.E. This value was similar to that reported by Giguere et al."' LAHPO showed two reduction waves having half-wave potentials at above -0.1 volt and at -0.4 volt vs. S.C.E. Two reduction waves are observed for the re ducible substances with two different structures, e.g., dissociated and undissociated forms, or the substances giving the free radicals in the electrode reaction."
The reduction potentials of Cu (II)-amino acid complexes were estimated using the redox indicators in a Thunberg tube. Decomposition of LAHPO by Cu (I)-amino acid complexes Figure 1 shows the decomposition of LAHPO and the formation of Cu (II)-amino acid complexes in the reaction mixture con taining LAHPO and Cu (1)-amino acid com plexes (mole ratio, 1: 1). Cu (11)-amino acid complexes were rapidly formed and about 80% of LAHPO was decomposed in 1 min. The reaction completed in 10 min. The effects of Cu (I)-Gly, -Arg and -Asp complexes on the decomposition of LAHPO were similar to each other (Fig. 1) . As 90 % of LAHPO was decomposed by the addition of equimolecular amounts of Cu (1)-amino acid complexes (Fig. I) , about 10 % of the complexes might be autoxidized (Fig. 3) .
Under the anaerobic conditions, the decomposition of LAHPO and the formation of Cu (II)-amino acid complexes were observed in the reaction mixture containing LAHPO 
Autoxidation of LA catalyzed by Cu (I)-amino acid complexes
It is known that the autoxidation of lipids is promoted in the presence of superoxide anion which is formed by reduction of oxygen with reduced metallic ions or metal complexes."' In the reaction mixture containing LA and Cu (I)-amino acid complexes, the complexes were autoxidized, but the formation of LAHPO was not detected by the method of Mitsuda et al.1°' and UV spectrometry11) as shown in Fig. 3 . The rate of the formation of Cu (II)-amino acid complexes was similar to each other.
Under the anaerobic conditions, the for mation of Cu (II)-amino acid complexes was not observed in the reaction mixture containing LA and Cu (I)-amino acid complexes (data not shown).
These facts suggest that the formation of Cu (11) is negligible compared with the rate of the autoxidation of Cu (I)-amino acid complexes.
Effects of radical inhibitors and initiator
The prooxidative effects of Cu (II)-amino acid complexes (Table I) were proportional to the effects of the complexes on the decom position of LAHPO (Fig. 2) . The autoxidation of LA catalyzed by Cu (II)-amino acid com plexes was inhibited by radical scavenger and hydrogen donor, e.g., D-mannitoh17) and DTBP. 18) AIBN is decomposed at 80°C and free radi cals are produced."' Table II shows that Cu (II)-amino acid complexes have no effect on the autoxidation of LA promoted by AIBN.
TABLE I. EFFECTS OF RADICAL INHIBITORS ON
THE AUTOXIDATION OF LA CATALYZED BY Cu (11)-AMINO ACID COMPLEXES The reaction mixture contained 10 mm LA, 50 mm phosphate buffer (pH 7.0), 10 MM L-amino acid, 0.5 mm CuCl2.2H20, 50% ethanol and 1 mm radical inhibitor in 4 ml. It was incubated at 35°C for 14 days in the dark. a 2 ,6-di-tert-butylphenol. b Not detectable .
TABLE II. THE AUTOXIDATION OF LA CATALYZED BY 2-AZO-BIS-ISOBUTYRONITRILE
The reaction mixture contained 10 mm LA, 50 mm phosphate buffer (pH 7.0), 0.5 mm CuCl2.2H20, 10mM L-amino acid, 60% ethanol and 15 mM AIBN in 10 ml. It was incubated in a test tube (18 x 180 mm) at 80°C for 1 hr.
DISCUSSION
The decomposition of hydroperoxides, ROOH, at a low concentration of ROOH gives the free radicals as follows.
ROOH -RO • + • OH
These radicals are active enough to attack the C-H bonds of unsaturated fatty acids, although this decomposition reaction is slow. Transi tion metals may promote the formation of the free radicals by redox reaction with ROOH according to the possible mechanism (1) and (2) described in INTRODUCTION. Though the reaction (1) and (2) are proposed as a possible mechanism of metal-catalyzed autoxidation of lipids, the ratios Mn+/M(n+I)+ have rarely been determined during the autox idation, and metallic ions are predominantly in the higher oxidized state." In fact, a decrease of the amounts of Cu (II)-amino acid complexes was not observed during the autox idation of LA and the decomposition of LAHPO by the complexes (Fig. 2) . These facts seem to be attributed to the easy autoxi dation of Cu (I)-amino acid complexes (Fig. 3) and to the rapid oxidation of the complexes with LAHPO (Fig. 1) . Thus, it was difficult to determine the ratios of Cu (I)-/Cu (II)-amino acid complexes during the autoxidation of LA.
The overall catalytic activities of the metal complexes may be controlled by the rate of redox reactions of the complexes according to the possible mechanism (1) and (2) . The rate may depend on the redox potentials of the complexes. In the case of Cu (II)-amino acid complexes, it is considered that reduction of LAHPO with Cu (I)-amino acid complexes occurs more easily than oxidation of LAHPO with Cu (II)-amino acid complexes because the reduction potentials of Cu (II)-amino acid complexes were more negative than that of LAHPO. In fact, the decomposition of LAHPO by Cu (I)-amino acid complexes pro ceeded faster than that of LAHPO by Cu (II)-amino acid complexes (Figs. 1 and 2 ). The former reaction was not influenced, but the later reaction might be influenced by the net charge of the complexes as shown in Figs. 1 and 2 and in the previous paper.8) The decomposition of LAHPO by Cu (II)-amino acid complexes was the slowest reaction, and therefore might be the rate limiting reaction in the reactions involving the radical formation from LAHPO catalyzed by the complexes.
Recently, it has been reported that metalcatalyzed peroxidation of ox-brain phospho lipid liposome was inhibited by the addition of superoxide dismutase.20) This report shows that transition metal ions undergoing reversible redox reaction owe much of their catalytic ac tivities to direct oxygen activation via uni valently reduced oxygen by metallic ions. However, the autoxidation of LA catalyzed by superoxide anion was not observed in the reaction mixture containing LA and Cu (I)-amino acid complexes - (Fig.3) . This fact suggests that Cu (I)-amino acid complexes promote the decomposition of LAHPO rather than the autoxidation of LA catalyzed by superoxide anion.
The autoxidation of LA catalyzed by Cu (II)-amino acid complexes was inhibited by the addition of radical scavengers, e.g., DTBP and D-mannitol (Table 1) .
Thus, Cu (I)-and Cu (II)-amino acid complexes seem to promote the radical formation in the autoxidation of LA.
Cu (II)-amino acid complexes had no effect on the autoxidation of LA promoted by radical initiator AIBN at 80°C (Table II) . This fact shows that Cu (II)-amino acid complexes have no effect to scavenge the hydrocarbon radicals R•, good reducing agents," ' 22) and other free radicals.
On the basis of the above results and dis cussion, it is concluded that Cu (11)-amino acid complexes are more stable than Cu (1)-amino acid complexes, and that Cu (II)-amino acid complexes promote the radical formation by decomposing LAHPO in the autoxidation of LA.
